Background. The ankle-brachial index (ABI) is a noninvasive method to evaluate peripheral artery disease (PAD). ABI <0.9 diagnoses PAD; ABI >1.3 is a false negative caused by noncompressible arteries. The aim of this study is to evaluate the association between ABI with vascular calcifications (VC) and with mortality, in haemodialysis (HD) patients. Methods. We studied 219 HD patients (60% male; 20% diabetic). At baseline, ABI was evaluated by a Doppler device. VCs were evaluated by two methods: the abdominal aorta calcification score (AACS) in a lateral plain X-ray of the abdominal aorta and the simple vascular calcification score (SVCS) in plain X-rays of the pelvis and hands. VC were also classified by their anatomical localization in main vessels (aorta and iliac-femoral axis) and in peripheral or distal vessels (pelvic, radial or digital). The cutoff values for the different VC scores in relation with ABI were determined by receiver operating characteristic curve analysis. Biochemical parameters were time averaged for the 6 months preceding ABI evaluation.
Introduction
Peripheral artery disease (PAD) is highly prevalent in dialysis patients but is frequently underdiagnosed. In haemodialysis (HD) patients, traditional risk factors such as age and diabetes but also nontraditional risk factors such as hypercalcaemia and hyperphosphataemia have been associated with higher risk of amputation, suggesting a contributory role of vascular calcifications (VC) for PAD in this population [1] . Ankle-brachial index (ABI) is a simple and noninvasive method that may be useful to identify PAD. In general, population measurement of ABI may improve the accuracy of cardiovascular risk prediction [2] . In dialysis patients, low or high ABI have already been associated with higher risk of death [3] [4] [5] ; low ABI has been associated with vascular access failure [6] . Low ABI (<0.9) identifies obstructive artery disease, while high ABI (>1.3) is caused by stiff noncompressible distal arteries, probably in relation with distal arteries calcification [7] . The objective of this study is to evaluate the prevalence of an abnormal ABI in a group of dialysis patients and to analyse the association of low or high ABI with VC and with mortality.
Study design
This study is a cross-sectional analysis performed in a group of prevalent HD patients that were submitted to evaluation of the ABI and VC at the study baseline. Patients were followed prospectively during a mean observational period of 28.9 AE 6.8 (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) months in order to evaluate the association of low or high ABI with all-cause mortality. This protocol was approved by the Institutional Ethic Committee and all patients provided informed consent.
Study population
Seven HD clinics participated in this study. In each clinic, 20-40 patients were randomly selected using a central selection method generated by a computer programme. Exclusion criteria were age <18 years, lower limb bilateral amputation or patient incapacity to give informed consent. ABI was evaluated in 257 patients and marked the beginning of the study for each patient. Complete data available for analysis was gathered in 219 patients who constituted the sample for this study. The main demographic, biochemical and clinical characteristics of the whole sample are presented in Table 1 . There were 131 male (60%) and 43 diabetic patients (20%). Mean age was 65 AE 15 years and mean HD duration was 82 AE 74 months. Diagnosis of vascular disease at baseline was provided by the attending physician, based on clinical criteria and diagnostic exams according to the standard of care. Coronary artery disease (CAD) was diagnosed if the patient had a positive stress test, had suffered an acute coronary syndrome or a myocardial infarction or had been submitted to a percutaneous coronary intervention or coronary bypass surgery. PAD was considered if there was claudication, ischaemic ulcers, lower limb amputation, revascularization or previous diagnosis of obstruction by ultrasonography or angiography. Based on these criteria, CAD and PAD were identified, respectively, in 77 (35%) and in 51 (25%) patients. Baseline cardiovascular disease (CAD or PAD) was diagnosed in 88 (40%) patients. During an observational period of 28.9 AE 6.8 months, 50 patients (23%) died. The main causes of death were: cardiovascular in 29 patients, infectious in 14 patients and other causes in 7 patients (neoplasia in 3 patients, cachexia in 3 patients and haemorrhagic shock in 1 patient). No patient was lost for follow-up.
Methods

Vascular calcifications
VC were evaluated in plain X-ray by two different methods: the abdominal aorta calcification score (AACS) and the simple vascular calcification score (SVCS). The AACS, ranging from 0 to 24, was evaluated in the lateral abdominal aorta from L1 to L4 using a methodology previously described by Kauppila et al. [8] . The SVCS ranging from 0 to 8 was developed by us and is evaluated in plain X-ray of pelvis and hands [9] . AACS and SVCS were evaluated separately by two experienced clinicians without the knowledge of clinical information. Since increase in ABI is caused by noncompressible arteries that may be produced by calcification in distal arteries, we used the information obtained by these two scores to further classify VC by anatomical criteria in calcification in large arteries (aorta and iliac-femoral axis) and in peripheral and distal arteries (branches of the internal iliac artery evaluated in pelvis plain X-ray and radial and digital arteries evaluated in plain X-ray of hands). We intended to analyse the association of these types of VC, defined by anatomical criteria, with low or high ABI.
Evaluation of ABI
ABI was evaluated with the help of a manual Doppler device (MD6 bidirectional Doppler from Hokanson). After placing the patient in a supine position for 5 min, the systolic blood pressure (SBP) was evaluated in the brachial artery of the arm without vascular access and in the posterior tibial artery or dorsal pedal artery of the right and left lower limb. Following a clockwise rotation, two separate measures of the SBP were obtained in each site. The mean SBP value for each site was used for calculating right and left ABI with the following formula: ABI ¼ ankle SBP/brachial SBP. Normal ABI was defined by normal values (0.9-1.3) detected in both sides. Low ABI was defined by an ABI <0.9 in one or both sides. High ABI corresponded to ABI >1.3 in both sides or in one side with normal ABI in the contralateral side. According to these results, patients were divided in three groups for analysis: low ABI (<0.9) in 90 patients (41%), normal ABI (0.9-1.3) in 87 patients (40%) and high ABI (>1.3) in 42 patients (19%). Two experienced technicians performed this evaluation using the same device. Inter-operator agreement in the diagnosis of low, normal or high ABI was 88.8%, kappa ¼ 0.79 AE 0.074.
Biochemical analysis
Mid-week Kt/V and predialysis serum levels of the following biochemical parameters were evaluated and time averaged for the 6 months preceding the evaluation of ABI: Kt/V, Ca, P, albumin and C-reactive protein. Total intact parathormone (PTH) was evaluated every 3 months by immunochemiluminescence using two second-generation assays, from Roche Diagnostics, Basel, Switzerland and from Abbott, Barcelona, Spain. Total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein (LDL) cholesterol and triglycerides were evaluated twice.
Statistical analysis
Data are presented as frequencies for categorical variables, mean values with SD for continuous variables and median values with interquartile range for ordinal variables. Comparison between groups was performed by the independent samples t-test, Kruskal-Wallis, Pearson chi-square and Fisher exact test when appropriate. Correlation was performed using Spearman's rho correlation. Survival curves were estimated by Kaplan-Meier analysis and compared by the log-rank test. In separate models, the association of low or high ABI with all-cause mortality was evaluated with Cox regression in unadjusted and adjusted models using the enter method. Association of low or high ABI with VC and association of PAD with VC and ABI were evaluated in binary logistic regression in unadjusted and adjusted models using the enter method. The absence of colinearity among explanatory factors was checked in all models based on variance inflation factor and variance proportions standard procedures. Receiver operating characteristic (ROC) curve analysis allowed the identification of the best cutoff values for the VC scores in relation with low or high ABI. In relation with ABI <0.9, the best cutoff value for aortic calcification was !6 [area under the curve (AUC) ¼ 0.656; 95% confidence interval (CI), 0.581-0.726] and for iliac-femoral calcification was !2 (AUC ¼ 0.763; 95% CI 0.693-0.823). In relation with ABI >1.3, the best cutoff value for peripheral pelvic calcification was !2 (AUC ¼ 0.630; 95% CI 0.541-0.741) and for hands calcification was !2 (AUC ¼ 0.596; 95% CI 0.506-0.682).
Statistical analyses were performed with the SPSS system 17.0 (SPSS Inc., Chicago, IL) and with the Medcalc program version 6.0 (Medcalc software, Mariakerke, Belgium). For all comparisons and statistical tests, a P-value <0.05 implied the rejection of the null hypothesis and the result was considered statistically significant.
Results
Descriptive statistics
In this group of 219 patients, an ABI <0.9 and >1.3 were present, respectively, in 90 (41%) and in 42 (19%) patients. Normal ABI (!0.9 and 1.3) was present in 87 (40%) patients. VC in the abdominal aorta (AACS) were verified in 165 (75%) patients. The SVCS detected VC in 154 (70%) patients. VC in iliac-femoral axis, pelvic peripheral arteries and in hands arteries were detected, respectively, in 132 (60%), 55 (25%) and 87 (40%) patients. SVCS was correlated with AACS (rho ¼ 0.694, P < 0.001). An AACS !6 and an SVCS >3 were present, respectively, in 98 (45%) and 95 (43%) patients. By ROC curve analysis, an SVCS >3 identified an AACS !6 with 78% sensitivity and 81% specificity (AUC ¼ 0.845; 95% CI 0.791-0.891). In univariate analysis (Table 1) , patients with lower ABI compared with normal ABI showed older age (P < 0.001), higher pulse pressure (P < 0.001), higher AACS (P < 0.001), higher SVCS (P < 0.001) and higher all-cause (P < 0.001) and cardiovascular mortality (P < 0.001). Patients with higher ABI compared to normal ABI were older (P ¼ 0.013), with higher pulse pressure (P ¼ 0.039), higher SVCS (P ¼ 0.040) and had higher all-cause (P ¼ 0.043) and cardiovascular mortality (P ¼ 0.024).
Association of ABI with VC
Binary logistic regression with the enter method in unadjusted and adjusted models ( Figure 1 and Table 2 ) demonstrated that VC in the aorta and in the iliac and femoral arteries were associated with an ABI <0.9. Adjusting for age, gender, HD duration, diabetes, smoking habits, Ca, P and LDL levels, an AACS !6 [odds ratio (OR) ¼ 2.52; 95% CI 1.28-4.96; P ¼ 0.007] and an iliacfemoral calcification score (CS) !2 (OR ¼ 4.45; 95% CI 2.12-9.35; P < 0.001) were associated with an ABI <0.9.
In unadjusted and adjusted models, VC in pelvic peripheral arteries and in hands radial and digital arteries were associated with ABI >1.3 ( Figure 2 and Table 3) . Adjusting for age, gender, HD duration, diabetes, smoking habits, Ca, P and LDL levels, a pelvic CS !2 (OR ¼ 4.21; 95% CI 1.61-11.1; P ¼ 0.003) and hands CS !2 (OR ¼ 3.74; 95% CI 1.45-9.68; P ¼ 0.006) were associated with an ABI >1.3.
There was no association between VC in pelvic peripheral arteries or with radial and digital hand arteries with ABI <0.9 ( Figure 1 ). There was no association between calcifications in main arteries (aorta and iliac-femoral arteries) with an ABI >1.3 ( Figure 2 ).
Association of clinical PAD with VC and ABI
PAD was present, at baseline, in 51 (25%) patients. In univariate analysis (Table 4) , patients with PAD, when compared with patients without PAD, showed more VC evaluated in the main vessels: AACS (P ¼ 0.001); SVCS (P < 0.001) and iliac-femoral calcifications (P < 0.001). Patients with PAD when compared with patients without PAD had a higher prevalence of ABI <0.9 (P < 0.001) and a lower prevalence of ABI 0.9-1.3 (P < 0.001). Binary logistic regression (Table 5 ) with the enter method in unadjusted and adjusted models showed that ABI <0.9, ABI 0.9-1.3, AACS !6, SVCS !3 and ileo-femoral CS !2 were associated with clinical PAD. Adjusting for age, gender, HD duration, diabetes, smoking habits, Ca, P and LDL levels, an ABI <0.9 (OR ¼ 6.04; 95% CI 2.83-12.86; P < 0.001), an ABI 0.9-1.3 (OR ¼ 0.22; 95% CI 0.9-0.64; P ¼ 0.001), an AACS !6 (OR ¼ 2.01; 95% CI 0.99-4.04; P ¼ 0.051), an SVCS !3 (OR ¼ 3.13; 95% CI 1.48-6.59; P ¼ 0.003) and an ileo-femoral CS !2 (OR ¼ 3.45; 95% CI 1.49-8.03; P ¼ 0.004) were associated with clinical PAD. In univariate and multivariate analyses, there was no association between ABI >1.3, pelvic peripheral and hand CS with clinical PAD.
Association of ABI with all-cause and with cardiovascular mortality
Lower cumulative survival in association with all-cause mortality ( Figure 3 ) was observed in patients with ABI <0.9 (log rank ¼ 20.0; P < 0.001) and in patients with ABI >1.3 (log rank ¼ 6.6; P ¼ 0.010) when compared with patients with normal ABI. Cardiovascular mortality (Figure 3 ) was also associated with ABI <0.9 (log rank ¼ 18.3; P < 0.001) and with ABI >1.3 (log rank ¼ 7.5; P ¼ 0.006).
Cox regression analysis showed, in unadjusted and adjusted models for age, HD duration, diabetes, vascular disease at baseline and P levels, that an ABI <0.9 (Table 6) or an ABI >1.3 (Table 7) were associated with all-cause mortality and with cardiovascular mortality. The all-cause mortality-adjusted hazard ratio (HR) was 3.95 (95% CI 1.83-8.51; P < 0.001) for ABI <0.9 and 2.71 (95% CI 1.06-6.93; P ¼ 0.038) for ABI >1.3, when compared with normal ABI. The cardiovascular mortality adjusted HR was 
Discussion
In this study, analysing 219 HD patients, we have verified that both ABI <0.9 or ABI >1.3 were associated with all-cause and cardiovascular mortality. VC evaluated by plain X-ray in main arteries (aorta and iliac-femoral axis) were associated with an ABI <0.9, while VC evaluated ABI, VC and mortalityin peripheral and distal arteries were associated with an ABI >1.3. Hyperphosphataemia [1, 10] and hypercalcaemia [1] have been associated with amputations suggesting a probable contribution of VC to PAD [1] . Wong et al. [11] have recently demonstrated that abdominal aortic calcification in the general population was associated with low ABI. To our knowledge, our study is the first to demonstrate, in dialysis patients, an association between VC evaluated by plain X-ray with low or high ABI and to
show that this association is related with the anatomical distribution of VC. Lehto et al. [12] and London et al. [13] have previously correlated the two histological types of VC, intimal and medial calcification, with a specific radiological pattern: patchy and irregular for intimal calcification and continuous and linear for medial calcification. Intimal and medial calcification may vary according to the type of vessel: large elastic arteries versus the smaller muscular type artery and proximal versus distal sites of the arterial tree [14] . In our study, we have decided to classify VC by their anatomical distribution because this classification is very simple to apply and is not operator dependent.
In several published series [1, [3] [4] [5] [6] [7] , there is a wide variance among different countries in the prevalence of amputations (1.7-10%), clinical PAD (12-39.7%) and low ABI (15.5-38.3%) with lower values consistently observed in Japan. In our study, we have verified an ABI <0.9 and >1.3, respectively, in 41 and 19% of patients; only 40% of the population showed a normal ABI. Age and VC were directly associated with low or high ABI and this may explain the high prevalence of an abnormal ABI in this elderly group of patients with widespread VC.
We have previously demonstrated that VC evaluated in plain X-ray were associated with higher risk of clinical PAD [9] . In the present study, we have verified that VC in the main arteries and low ABI were associated with higher risk of clinical PAD. However, there were also many patients with low ABI values without PAD symptoms. This discrepancy between ABI results and clinical diagnosis of PAD has been previously described [7] and points out the usefulness of ABI evaluation to identify PAD in asymptomatic patients. In dialysis patients, the first sign of PAD is frequently a non-healing ischaemic ulcer [7] . In our study, VC in peripheral and distal arteries and ABI >1.3 were not associated with clinical PAD. A high ABI is the result of noncompressible peripheral arteries but high ABI may mask a more proximal stenosis and cannot exclude the presence of PAD [15] . In this situation, the toe-brachial index is a cost-effective way to establish or refute PAD [16] . In a group of HD patients with high prevalence of both diabetes and clinical PAD, Ohtake et al. [17] demonstrated for the first time that below-knee arterial calcifications were associated with low toe-brachial index and both factors were independent predictors of clinical PAD.
In the general population [15] , as well as in dialysis patients [3] [4] [5] , low ABI has been associated with lower survival. In our study, we have also confirmed this same association. In addition, like Ono et al. [3] and Chen et al. [4] , we have also verified that an ABI >1.3 was associated with higher risk of mortality. In non-CKD patients, ABI >1.3 has also been associated with increased cardiovascular morbidity [18] and with greater left ventricular mass [19] .
In summary, in our study, we have verified that abnormal ABI is highly prevalent in dialysis patients and both low and high ABI were associated with all-cause and cardiovascular mortality. VC in large arteries were associated with low ABI and clinical PAD, while VC in peripheral and distal arteries were associated with high ABI. ABI is a simple and noninvasive method that can be performed at bedside and that allows the identification of high cardiovascular risk patients. The hypothesis that the correction of factors associated with the development of VC might have an impact on PAD outcomes needs to be evaluated. 
